consider patients who had the opportunity to be treated according to that protocol. The evaluation of patients treated before December 2004 provided a minimum of 2 years of follow-up data. All patients had histologically confirmed bronchogenic apical lung tumors consistent with Pancoast syndrome. 19 
Induction Chemotherapy and Radiotherapy
After tumor diagnosis, induction chemotherapy and radiotherapy were begun. The chemotherapy regimen followed the SWOG protocol, 23 which included at least two cycles of intravenously administered cisplatin and etoposide. A radiotherapy course of 45 Gy was administered in 25 fractions.
Surgical Procedure
Four to six weeks post-induction chemoradiotherapy, each patient proceeded to surgery. A thoracic surgeon and a neurosurgeon with experience in peripheral nerve surgery performed all operations. For the surgical approach, 6 ,27,31 the patient is positioned in the lateral position, and a posterolateral thoracotomy is performed (Fig. 1) . The approach, between the medial edge of the scapula and the spinous processes, can be extended superiorly to the neck, depending on the extent of the tumor. The thoracic surgeon exposes the lung apex and removes the posterior aspect of the first and second ribs. The neurosurgeon then dissects the T-1 nerve root, lower trunk of the brachial plexus, and C-8 nerve root. Whether this dissection proceeds from trunk to root, or root to trunk, depends on the morphological features of the tumor and the degree of nerve root involvement. If the nerve roots are buried in tumor or fibrous tissue, then it can be easier to start laterally with the lower trunk and dissect medially to expose the T-1 and C-8 nerve roots. If necessary, the C-7 nerve root and middle trunk can also be dissected. Once each neural element is identified, it is encircled with a Penrose drain and 360˚ neurolysis is performed, enabling a clear plane to develop between the brachial plexus and the apical lung mass.
If the tumor is noted to extend into the intervertebral foramen on preoperative magnetic resonance imaging, then a hemilaminectomy is sometimes required to assist dissection of the tumor from the neural elements. For more extensive vertebral invasion, vertebral body resection and instrumented reconstruction are possible, 8, 32 but this procedure was not necessary among the current series of patients.
Following neurolysis of the C-7, C-8, and T-1 nerve roots and lower trunk of the brachial plexus and without fear of injuring the brachial plexus, the apical lung mass is then mobilized inferiorly by the thoracic surgeon. The apical lung mass is resected en bloc with the apical lung segment, upper lobe, or (rarely) the lung (Fig. 2) . A biopsy sample of the hilar and mediastinal lymph nodes can be obtained as necessary.
The thoracotomy wound is closed over two chest tubes that are connected to underwater drains before the patient is transferred to the thoracic surgical high-dependency unit.
Neurological Assessment
A neurosurgeon performed an examination of brachial plexus function in all patients preoperatively and again at regular postoperative follow-ups. In addition to a routine neurological examination, particular notation was made regarding thenar and hypothenar wasting, and the following muscles were individually tested and their status recorded: abductor digiti minimi, abductor pollicis brevis, palmar interossei, dorsal interossei, and lumbrical muscles. Muscle and sensory function were graded according to the LSUMC system. 13 The presence or absence of Horner syndrome was also recorded.
Follow-Up Data
Two end points were measured at the follow-up: hand function and patient survival at a minimum 2-year followup. Other demographic and clinical data collected included patient age and sex, presenting symptoms, duration of symptoms prior to diagnosis, hand dominance, side of tumor, histopathological findings, response to induction chemoradiotherapy, operative findings, operative complications, length of hospital stay, and time to last follow-up.
Results
Five patients with bronchogenic apical lung cancers and concomitant brachial plexus invasion underwent surgery between 2001 and 2004. All patients, one man and four women, had a history of smoking tobacco. The mean age at presentation was 57 years (range 40-71 years; Table 1 ). The tumor in one patient was asymptomatic and diagnosed on a preoperative chest x-ray film obtained when she fractured her neck of the femur. The other four patients presented with symptoms typical of Pancoast syndrome, with varying degrees of shoulder, arm, and hand pain, and hand wasting, weakness, and numbness. One patient had Horner syndrome at presentation. The tumor was ipsilateral to the dominant hand in four patients. Chemoradiotherapy according to the SWOG protocol was completed in four patients. The patient in Case 4 was referred for induction chemotherapy and radiotherapy; however, she did not consent to radiotherapy and therefore underwent chemotherapy only. Postoperatively, histopathological data confirmed viable tumor in the tissue that was encasing the subclavian artery, and subsequently she agreed to a course of postoperative radiotherapy.
Operative findings are listed in Table 2 . Varying degrees of compression and/or encasement of the T-1 and C-8 nerve roots were encountered. In all cases, after induction chemoradiotherapy, the tumor developed significant fibrosis, but this result did not prevent neurolysis of the neural elements in any case. In all patients, successful clearance of the macroscopic tumor was achieved, as was preservation of all brachial plexus elements. The only instance of incomplete resection occurred in the patient in Case 4, in whom the subclavian artery wall was invaded by tumor; it was determined that vascular resection and graft were not possible in this patient.
There was one surgical complication: a superficial wound infection developed in one patient, but it promptly responded to antibiotic treatment.
Postoperative Hand Function
The patients in Cases 1, 2, and 3 had intrinsic hand muscle function LSUMC Grade 3 or 4 preoperatively and improved to Grade 5 postoperatively. Hand function in the patient in Case 5 was Grade 5 both pre-and postoperatively. The patient in Case 4 presented with lumbrical muscle function of Grade 0 and other intrinsic hand muscle function of Grade 2; postoperatively, these grades did not change.
Patient Survival
Four patients remain alive and well; one patient (Case 4) died at 3 years postoperatively. Clinical and radiological follow-up assessment in all four survivors revealed no evidence of tumor recurrence. The duration of follow-up ranged from 2 to 5 years in all survivors ( Table 2) .
Discussion

Anatomy of the Superior Sulcus
The lung apex is situated within a region described as the thoracic inlet or the thoracic outlet, depending on one's perspective. This region is of great clinical importance because of the many structures running through or adjacent to the lung apex, including the subclavian vessels, the sympathetic trunk, the vertebral artery, the inferior brachial plexus, and the superior thoracic vertebra. Bronchogenic carcinomas arising in the apical or apicoposterior segments of the lung can directly invade any structure(s) within the thoracic inlet. Anatomically, it makes sense to refer to this location as the "lung apex" and therefore to describe lesions there as "apical lung tumors." However, when the presentation of an apical lung tumor involves the brachial plexus, sympathetic trunk, and vertebral body, then the clinical picture is that of a Pancoast tumor, and convention dictates the use of Pancoast's nomenclature, referring to these lesions as "superior pulmonary sulcus tumors." 19 In his original 1924 description of these lesions, Pancoast described them as "apical chest tumors"; 18 in his classic 1932 publication, however, he discarded that term in favor of "superior pulmonary sulcus tumor." 19 He preferred the latter term because he believed it implied "its approximate location and a lack of origin from the lung, pleura, ribs or mediastinum." He believed that these lesions arose from an embryonal epithelial rest and not from a primary lung tumor.
Confusion remains regarding the precise definition of the superior pulmonary sulcus. Paulson, 20 a thoracic surgeon who has written extensively on Pancoast tumors, refers to Pancoast's original usage of the term superior pulmonary sulcus and then mistakenly reasons that this terminology refers to "the anatomical sulcus or groove made by the passage of the subclavian artery in the cupola of the pleura and apices of the upper lobes of the lungs." Teixeira 29 discusses the widespread misunderstanding of the superior sulcus, refuting the claim that it is caused by a vascular impression in the lung. He defines this pulmonary sulcus as "the costovertebral gutter whose superior limit is the first rib arch and whose inferior limit is the insertion of the diaphragm in the thoracic cage." Therefore, the superior sulcus is the upper aspect of this gutter. It is apparent that this term is anatomically inappropriate. The fact that Pancoast tumors arise in the lung apex is sufficient justification to use the term "apical lung tumors," or, for those who prefer eponymics, "Pancoast tumor." The term superior sulcus is so widespread within the literature, however, that we fear it is now a permanent fixture. 
Anatomy of the Lower Trunk of the Brachial Plexus
The brachial plexus forms from the anterior rami of the nerve roots of C-5, C-6, C-7, C-8, and T-1. The C-5 and C-6 nerve roots join to form the upper trunk, the C-7 nerve root continues as the middle trunk, and the nerve roots of C-8 and T-1 join to form the lower trunk. The T-1 nerve root runs over the pleural membrane, and T-1 and the lower trunk are situated posterior to the subclavian artery.
Behind the clavicle, the lower trunk divides into two divisions. The posterior division joins the posterior cord, whereas the anterior division continues on as the medial cord of the brachial plexus. Branches from the medial cord include the medial pectoral nerve, medial cutaneous nerve of the arm, and medial cutaneous nerve of the forearm. The medial cord then divides into terminal branches: the ulnar nerve and the medial root of the median nerve. Medial cord motor fibers arising from C-8/T-1 and the lower trunk, which are destined to supply the intrinsic hand muscles, travel via the ulnar and median nerves, whereas the medial cord sensory fibers to the hand usually travel via the ulnar nerve. Interruption of the C-8/T-1/lower trunk results in wasting and weakness of intrinsic hand muscles, including the thenar (predominantly median nerve-innervated) and hypothenar (ulnar nerve-innervated) muscles, producing a clinical picture some refer to as the Gilliat-Sumner hand. 9 
Anatomy of Sympathetic Control of the Eye
From cells within the posterolateral hypothalamus, fibers run through the lateral brainstem to the intermediolateral gray matter (Rexed layer VII) of the T-1 spinal cord. Via the T-1 nerve root and the white communicating ramus, preganglionic fibers enter the sympathetic trunk and travel superiorly to the superior cervical ganglion. Postganglionic fibers then travel from the superior cervical ganglion along the internal carotid artery to the cavernous sinus, where the fibers join the ophthalmic division of the trigeminal nerve and the nasociliary nerve and then are distributed to the long ciliary nerves to supply the dilator pupillae. 3, 17 Other sympathetic fibers leave the internal carotid artery in the cavernous sinus to join the oculomotor nerve to supply the levator palpebrae muscle.
In their passage from the spinal cord to the superior cervical ganglion, these sympathetic fibers pass through the T-1 rootlets and the stellate ganglion, and it is here that a Pancoast tumor can invade the structures, resulting in Horner syndrome, classically producing miosis, ptosis, enophthalmos, hyperemia of the eye, and hemifacial anhydrosis. (Although most physicians refer to this syndrome as "Horner syndrome," the French refer to it as "Claude Bernard syndrome," after the French physician who described the effects of the division of the cervical sympathetic trunk in 1853, 22 16 years before Johann Friedrich Horner's report.
)
Historical Background
In 1838 Edward Hare, 11 house surgeon of the Stafford County General Infirmary in England, detailed the first reported case of an apical lung tumor in a letter to the London Medical Gazette. He described a 40-year-old man with "pain, tingling and numbness along the course of the ulnar nerve of the left arm. . . pain through the left shoulder. . . the pupil of the left eye became contracted; and the levator palpebrae ceased to perform its office." In addition to finding a palpable neck lump, Hare described the onset of neurological decline related to spinal cord compression and, ultimately, death 3 months after the onset of symptoms. Note the treatments used at the time: "leeches and blisters were repeatedly applied over the tumor, but without any effect. Grade 5 NOFF * abductors = dorsal interossei muscles; adductors = palmar interossei muscles; ADM = abductor digiti minimi muscle; APB = abductor pollicis brevis muscle; LCC = large cell carcinoma; NA = not applicable; NOFF = neck of femur fracture; NSCLC = non-small cell lung carcinoma; SCC = squamous cell carcinoma.
† Grades based on the LSUMC scale.
When the extract of belladonna was applied the pupil of the left eye recovered its natural size for a time." After describing the postmortem findings such as "the tumor lay upon the brachial plexus, being firmly attached to the spine at the origin of the third and fourth nerves of the plexus, both which were inseparable from it," Hare attempted to explain the clinical findings: "the connexion of the disease with the distress and paralysis along the course of the ulnar and median nerves is obvious, and is evidence in confirmation of the assertion that these nerves can be traced through the plexus to the last cervical and first dorsal nerve." He was unable to explain all, however: "The paralysis of the levator palpebrae, which receives a branch from the third pair; the contraction of the pupil. . . cannot be referred to any direct communication between the structural disease and these several affections. . . and is most frequently displayed in persons of a nervous temperament. . . and is parallel to what occurs in hysterical females, of which I have seen many examples." The excellent understanding of the brachial plexus and median and ulnar nerve anatomy is overshadowed by Hare's lack of knowledge regarding the sympathetic supply to the eye, and it is this failure to understand the patient's physical signs that prevented him from being credited with the eponymous title. Note, however, that Hare never had the opportunity to pursue the sympathetic supply to the eye any further, because he died of typhus the day before his letter was published. 22 In 1924 Pancoast, 18 a radiologist from Philadelphia, published his first paper in which three cases of apical chest tumors were reported. A subsequent and more notable paper was his chairman's address that was read before the Section on Radiology at the American Medical Association meeting in New Orleans in 1932. 19 At that time, Pancoast had adopted the name "superior pulmonary sulcus tumor." He reported on seven cases with "clinical and roentgenographic characteristics which would warrant the inclusion of the tumors in a group which could be recognised as a pathologic entity." Pancoast listed the clinical features as "pain around the shoulder and down the inner side of the arm, and often the ulnar side of the forearm, loss of power and wasting of the muscles of the hand, Horner's syndrome and signs mainly of dullness in the apex of the chest." The radiological features were "small and circumscribed shadow in the apex due to lung displacement, and destruction of the posterior portions of one or more ribs and the adjacent articular and transverse processes and possibly a little of the sides of the bodies of one or more vertebrae."
Pancoast stated that Horner syndrome is "an essential manifestation," as it occurred in all seven of his reported cases, whereas hand weakness or wasting occurred in only three cases. Unlike Hare before him, Pancoast succeeded in correlating the clinical and radiological findings to describe this disease entity, although he did err in his pathological assessment. He believed that these tumors took "origin in an embryonal epithelial rest" and that "one can practically rule out primary lung cancer." With regard to prognosis, Pancoast noted that these tumors were rapidly fatal, with death occurring 11 to 14 months after symptom onset. He believed that these lesions were not surgically treatable, with radiation treatment being the only possible option.
In the 15 to 20 years after Pancoast's publication, additional reports of this fatal tumor appeared. In 1956, however, Chardack and MacCallum, 5 published the first report of resection combined with postoperative radiation treatment and a 5-year survival. (The patient survived 5 years and 10 months after surgery and died of bronchopneumonia. Postmortem examination showed no evidence of tumor recurrence or metastases.) Chardack and MacCallum described the en bloc resection of the C-8 and T-1 nerve roots and stated that at the follow-up "neurological examination revealed the expected deficit due to the removal of roots."
In 1961 Shaw and colleagues described a series of 18 patients who had been treated with a combination of preoperative radiation and resection 1 month following completion of radiation therapy. 27 Although the follow-up period was less than 12 months for nine of the 18 patients, the overall result appeared promising, given that the disease had previously had a universally fatal outcome. Encouraged by these results, Paulson 20 continued this therapeutic protocol (preoperative radiotherapy followed by surgery 3 to 6 weeks He found a survival rate of 34% at 5 years and 29% at 10 years. He proposed that the rationale for preoperative radiotherapy was "to modify the extent of the disease so that the lesion is better localised and thus more completely resectable, with improved results but without increased morbidity." Based on these findings, the combined radiotherapy and surgery protocol remained the standard treatment for Pancoast tumors until the late 1990s. During this time, the results of treatment for Stage IIIA non-small cell lung cancer using combined induction chemoradiotherapy and surgery were found to be better than those of radiotherapy and surgery. This finding stimulated the use of induction chemoradiation and resection by the SWOG in Pancoast tumors and the publication of Phase II data in 2001. 23 The SWOG data showed a 2-year survival rate of 55% for all eligible patients and 70% for those who had undergone complete resection.
From Hare's time, when the Pancoast tumor was described but not understood, and Pancoast's time, when the clinical and radiological signs were understood but no treatment was available, through to today, when induction chemoradiation and resection offer prolonged survival, an essential element of these tumors has not been adequately addressed: What does one do with the brachial plexus to preserve hand function?
Management of the Brachial Plexus and Preservation of Hand Function
Understandably, the primary goal in the management of Pancoast tumors has hitherto been to improve patient survival. As mentioned previously, survival figures for Pancoast tumors have evolved from 3 months in Hare's patient in 1838 11 to a 2-year survival rate of 70% in the SWOG series in 2001. 23 During this time, how have the brachial plexus and hand function fared?
Hare obviously understood the anatomy and function of the brachial plexus; consider his postmortem description of brachial plexus involvement and his acknowledgment that the involvement of the lower roots of the brachial plexus accounted for "paralysis along the course of the ulnar and median nerves." 11 In his classic paper, Pancoast detailed the pathological entity that bears his name, but he stated that the muscular wasting corresponded "to an ulnar supply from the eighth cervical and first thoracic nerves." 19 This assertion ignored the median nerve supply to the hand, derived from the C-8 and T-1 nerve roots. It is not apparent from Pancoast's descriptions whether any of his patients had complete C-8/T-1 loss, and thus loss in the median and ulnar territories, or whether the absence of any documentation regarding median nerve loss was deliberate on his part.
Chardack and MacCallum 5 resected the C-8 and T-1 nerve roots in their en bloc excisions, accepting the neurological deficit in the hand as the cost of prolonging patient survival. In blunt terms, Shaw and colleagues 27 stated that "none of the structures usually found to be invaded are necessary to the economy of the body and therefore can be sacrificed. Ribs, intercostal structures, sympathetic nerves, brachial plexus roots.... The fact that permanent neurologic defects may result is of little consequence." Similarly, according to his 1975 paper, 20 Paulson routinely resected the lower trunk of the brachial plexus, stating "permanent neurological defects resulting from resection of the lower trunk of the brachial plexus involve the ulnar nerve, but are not incapacitating." He also stated "contraindications to operation include extensive invasion of the brachial plexus." This statement is consistent with the standard of the time and obviously is no longer valid today.
In 1987 Shahian et al. 26 performed surgery in 18 patients after preoperative radiotherapy. Preoperatively, "ulnar neuropathy was present in varying degrees." Again, this assertion ignores the true anatomical nature of the lower trunk of the brachial plexus. The neuropathy is a radiculopathy (for example, T-1 with or without C-8), a trunk lesion, or both. It is not an ulnar neuropathy, given that almost certainly there is also a degree of median nerve dysfunction from the C-8/T-1 supply. In 11 patients, "the inferior root of the brachial plexus was intentionally sacrificed." The use of the term "inferior root" is somewhat misleading; does it refer to the T-1 root, the C-8 root (the most inferior of the cervical roots of the plexus), or the inferior trunk? Nevertheless, Shahian and colleagues were the first group to publish functional results in 10 long-term survivors. They graded pain relief, shoulder mobility, and neurological dysfunction, and using the scale excellent, good, fair, and poor, they reported the following results. Pain relief was excellent in 80%, good in 10%, and poor in 10%; shoulder mobility was excellent in 70%, good in 10%, and fair in 20%; and neurological function was excellent in 30%, good in 60%, and fair in 10%. Unfortunately, the authors did not define the terms "excellent," "good," "fair," or "poor," so it is difficult to glean much information from these figures. Sundaresan and associates 28 described a series of 30 patients with Pancoast tumors, advocating a team approach, that is, the combined efforts of a thoracic surgeon and a neurosurgeon. Their study included a heterogeneous group of patients, with some having undergone preoperative radiotherapy and/or chemotherapy and others having no preoperative treatment. Some patients had significant spinal involvement, whereas others did not. One of the few constant elements in their series was the resection of the T-1 root in all patients. In four patients, the C-8 root was also sacrificed. Unfortunately, except for a comment that all patients experienced pain relief, results of neurological functional outcome were not presented.
In his 1988 review of Pancoast tumors, Urschel 30 advocated resection of the lower trunk of the brachial plexus. In their 1997 review, Arcasoy and Jett 1 stated that surgical treatment "may also be accompanied by resection of... lower trunks of the brachial plexus." (We assume that the plural "trunks" is an error in their paper and that they really meant the lower trunk, or the lower two roots.) No results on hand function were presented.
In a 1999 review of nine patients with Pancoast tumors that had invaded the vertebral column, York et al. 32 described having operated on tumors with a much greater degree of spinal invasion than occurred in our series. With regard to the brachial plexus, they stated as follows: "an attempt is made to spare the T1 nerve root as it crosses beneath the angle of the first rib to join the C8 nerve root." Despite this intention, the T-1 nerve root was sacrificed in seven of the nine patients who underwent surgery. Regarding hand function and grading, the authors presented their results according to the following descriptions: intact, weak, weaker, decreased sensation, and unchanged. Of the seven patients with a sectioned T-1 root (one patient also had a sectioned C-8 root), five patients demonstrated more weakness, one patient had decreased sensation, and one patient was intact. In another paper that year, Gandhi and associates 8 described 17 patients requiring resection of Pancoast tumors with vertebral involvement. In all patients, nerve roots were resected, but the anatomical levels of the roots were not described. No results on hand function were presented; however, the authors did note that six of six patients with positive margins at the vertebral body, brachial plexus, and paraspinous region had local recurrence and died within 2 years of treatment, whereas one of 11 patients with negative margins experienced a recurrence. The 2-year survival rate in the negative-margin group was 80%. This rate can be compared with that in the present study, in which we did not measure margins at the level of the brachial plexus because the plexus was preserved with neurolysis alone. The fact that all patients in the present study survived beyond 2 years makes an interesting comparison.
In a seminal paper published in 2001, 23 detailing the results of the first prospective multiinstitutional trial on Pancoast tumors, the SWOG data contain no mention of brachial plexus or hand function at all. Similarly, in a review of 139 patients treated in seven centers in France, there was no mention of brachial plexus management or functional hand outcome. 15 Grunenwald and colleagues 10 reviewed 19 patients with lung cancer invading the spine. They routinely resected involved nerve roots. Hand and brachial plexus functional results were not presented.
In 2002 Bilsky et al. 4 reviewed data from a large series of patients who underwent surgery for superior sulcus tumors. Of the 187 patients, 21 had brachial plexus involvement. The T-1 nerve root was involved in 17 patients, and the C-8/lower trunk was involved (in addition to the T-1 nerve root) in four patients. The authors reported that they routinely resect the T-1 nerve root but not the C-8 nerve root. They described the use of biopsy samples of the C-8 nerve root and lower trunk but they did not report whether the C-8 nerve root is actually sacrificed if the biopsy is positive. With regard to hand function following T-1 nerve root resection, the authors stated that "generally, this results in mild motor dysfunction of the hand intrinsic muscles that gradually improves." Specific details regarding hand function were not presented. Interestingly, Bilsky et al. 4 have stated that "in our opinion, involvement of the C8 nerve root or lower trunk of the plexus is considered a contraindication to surgery unless a significant preoperative deficit exists or possibly the non-dominant hand is involved." As can be seen from our results, this statement is no longer applicable. Even with involvement of the C-8 nerve root and minimal preoperative deficit, neurolysis with preservation of brachial plexus elements and hand function can definitely be achieved.
In his 2003 review of Pancoast tumors, Detterbeck 7 did not provide any details regarding hand function posttreatment and made some bold statements regarding brachial plexus management, including the following: "extensive involvement of the brachial plexus remains a contraindication to resection," and "it may be reasonable to explore the role of the more extensive surgical procedure such as a forequarter amputation." Obviously, we do not support these opinions in any manner whatsoever, and we have shown that brachial plexus involvement is not a contraindication to resection and that hand function can be preserved by neurolysis at the time of surgery (when used in conjunction with induction chemoradiation treatment).
Mazel and colleagues 16 reviewed a series of 36 patients with extensive tumors invading the spine, who had undergone radical resection and spinal reconstruction. The reported neurological outcomes related to spinal cord function (Frankel grade) and not to brachial plexus function. These authors reported that in most cases the T-1 nerve root was resected, but based on their discussion it is not apparent whether they always preserved the C-8 nerve root.
Preserving Hand Function and Patient Survival
The emphasis on survival figures has dominated most recent publications on the management of Pancoast tumors. 1, 2, 4, 7, 8, 10, [14] [15] [16] 21, [23] [24] [25] 32 The aggressive oncological surgical dictum of "clear resection margins" has been the driving principle in most surgical studies. As mentioned earlier, Gandhi et al. 8 reported that in patients with positive margins, six of six patients had a local recurrence, compared with only one patient among 11 with negative margins. Furthermore, no patient with positive margins survived more than 2 years after treatment. Note, however, that their treatment protocol consisted of preoperative radiotherapy alone and not chemotherapy.
Our treatment protocol differed from that regimen in two ways. First, induction chemoradiotherapy before surgery had a profound effect on tumor size, tumor burden, and patient survival. The histopathological finding of dense fibrosis in all resected specimens was evidence of the profound tumoricidal effect of induction chemoradiotherapy. Second, we aimed to preserve brachial plexus function in all cases. We were able to do this because the induction chemoradiotherapy has significant tumoricidal action and because the team approach of an experienced peripheral nerve surgeon working with a thoracic surgeon brings the perspective of each to the operating room. Following induction chemoradiotherapy, the thoracic surgeon's objective is to deliver the lung apex and chest wall in an en bloc fashion; this part of surgery is the cancer operation. The peripheral nerve surgeon performs extensive neurolysis of the roots and lower trunk of the brachial plexus to remove the fibrotic mass that has developed during the chemoradiation therapy; this portion of the surgery is the nerve decompression operation.
Although our sample is small, our results are very encouraging because they satisfy both objectives: 1) patient survival and 2) preservation of hand function. In four of five patients, intrinsic hand muscle function remained or improved to LSUMC Grade 5, and all four patients remain alive and progression free 2 to 5 years after resection. The one patient death (Case 4) occurred in a woman who had a very delayed presentation with tumor invasion into both the brachial plexus and the subclavian artery. Note also that she was given induction chemotherapy but not induction radiotherapy. Radiotherapy was administered postoperatively. Although we have included her data in our calculations based on an intention to treat, it must be emphasized that she did not complete the preoperative induction treatment, consenting to preoperative chemotherapy only. One can only speculate whether completion of preoperative radiotherapy would have altered her clinical course given the extensive tumor invasion into the brachial plexus and subclavian ar-tery and her very delayed presentation more than 1 year after symptom onset.
Of the patients who completed induction chemoradiotherapy before surgery, there was universal preservation of hand function, and all remained alive and well at a minimum 2-year follow-up. Although this series is small, our results have encouraged us to continue with this treatment paradigm and should encourage other centers to aim for both patient survival and hand function preservation.
The principles adopted in the featured surgical technique have been used in other patients with nonbronchogenic apical tumors. For example, a 24-year-old professional guitar player with neurofibromatosis Type 1 who had presented with a cough was found to have interstitial lung disease and a right apical neurofibroma compressing the C-8/T-1 nerve roots with Grade 4 weakness in the right intrinsic hand muscles. Resection of the tumor and lung apex via a posterior thoracotomy together with preservation of the C-8 and T-1 nerve roots resulted in complete recovery of intrinsic hand muscle function and a subsequent return to guitar playing. The combined peripheral nerve surgeon/thoracic surgeon approach to dealing with this tumor provided the best longterm outcome for preservation of hand function.
Conclusions
The management of Pancoast tumors has undergone radical evolution since Hare's original description of these lesions in 1838. With induction chemoradiotherapy and surgery providing excellent survival results in many patients hitherto considered untreatable, the time has arrived to abandon the notion of acceptable neurological deficits and to aim for the preservation of hand function in all patients. Although our patient series is small, our findings are extremely encouraging and suggest that our treatment paradigm preserves not only survival but also hand function in patients with Pancoast tumors.
